Of all natural disasters of the twentieth century, earthquakes caused the largest amount of losses. Although the number of earthquakes remains fairly unchanged, the loss of properties and human lives in recent periods has increased manifolds due to increasing concentration of human population and urbanisation in earthquake-prone areas. Recent improvement in documentations and computational faci lities, however, allows for the preparation of seismic microzonation maps of such areas for urban planning and earthquake mitigation purposes. This paper discusses the development of seismic microzonation maps for Banda Aceh which lies close to the Sumatra Subduction Zone a nd the Sumatran Transform Faults, making the city extremely vulnerable to ea1thquake hazards. The development of the maps employs Geographic Information Systems (GIS) techniques that make use of several layers of parameters influencing earthquake hazards such as seismological data, faults, tsunami , etc. and site characteristic data such as soil type, groundwater distribution and depth, geological and geophysical data. The seismic microzonation maps incorporate various seismic hazard maps including ground shaking hazard map, liquefaction susceptibility hazard map, landslide potential hazard map, surface faulting hazard map and tsunami hazard map. The final composite map identifies zones with various degrees of hazards which will enable planners to avert hazardous locations during site selection processes, thus reducing losses.
INTRODUCTION
Earthquake is one of the most devastating natural disasters which can cause severe impact on human life, loss of valuable goods and massive damage to structures such as buildings, transportation systems and communication systems. It can even lead to total devastation of cities. There are many earthquakes that are wel l known not just for their magnitude but also for the damage and casualties they caused. A compendium report on the significant earthquakes worldwide, from the oldest to the most recent ones, lists the tremendous loss of li ves and property damage caused by earthquakes (Chen and Scawthorn 2003) . The damage caused is not only dependent on the magnitude of the earthquakes and the distance from the epicentre, but also on the level of socio-economic activities in the area. Though the number of incidences of large ea1thquakes has remained fairly stable, the recent magnitude of losses of properties and human lives has increased tremendously due to the intensifi cation of urbanisation and economic activiti es, especia ll y in larger urban areas situated in susceptible regions. However, intense urbanisation alone is not a single most important factor since the level of earthquake preparedness can, on the other hand, lessen the impact. Developed countries that have in place more sophisticated warning-systems and stricter building codes as wel l as restrictive land use zoning are less susceptible and more resilient to earthquake damage compared to underdeveloped countries, given the same magnitude of earthquakes (Westen 2002; Walling and Mohanty 2009 ). Thus, it is therefore crucial for these underdeveloped countries to determine what kind of predisaster initiatives can help mitigate disaster risk, especiall y in urban areas.
Although the occurrence of earthquakes is inevitable, the social and economic setbacks fo llowi ng the occurrence can be reduced through a comprehensive assessment of the seismic hazards. Most countries that are susceptible to earthq uakes have developed seismic zones wh ich have been regarded as a basic tool for earthquake damage mitigation (Coburn and Spence 2002; Roca et al. 2006; Ansal et al. 2009 ); but these are deemed inadequate for planning purposes as more detailed assessments are needed. A more detailed seismic zonation or seismic microzonation maps are abl e to provide a more detailed assessment of potential earthquake effects wh ich include ground shaking, liquefaction, landslide, surface faulting and tsunami susceptibilities wh ich are more useful as guidance to urban planning and development. At the urban level, the identification of relative hazard variations due to different earthquake characteristics can be used to introduce earthquake effects as a relevant factor in land use planning and management.
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Looking back at the mega earthquake that struck Banda Aceh in northern Sumatra, Indonesia on December 26 1 1i 2004, we cannot help but think that the vulnerabi lity of Banda Aceh to earthquake hazards underlines the value in considering risk mitigation measures for future development. Thus it is the aim of this study to develop a comprehensive seismic microzonation maps of Banda Aceh using Geographic Information Systems (GIS) coupled with the Analytical Hierarchy Process (AHP). The final composite map will provide guidance to urban planners in deciding on the potential location of future development based on hazard risks.
EARTHQUAKE HAZARD AND URBAN PLANNING
The damage incurred in an earthquake depends not only on the magnitude of the earthquake but also, to a large extent, on the medium through which the seismic waves propagate and the socio-economic development of the affected settlement (Panza et al. 2001 ). Hough and Bi lham (2005) gave a simple relation discerning between the earthquake magnitude since 1900 and the number of deaths per earthquake but the consequences of large earthquakes depend on the proximity to urban areas, vulnerability of the dwelling inhabitants, time of the day and on the energy released ( Figure 1 ). Source: Hough and Bi/ham 2005 When disasters strike cities, the effects can be worse than in other environments, and it is the poor and marg inalized communities in the developing countries that face the greatest ri sks (e.g. Blaikie et al. 1994; lDNDR 1990) . With growing urbanisation and increasing occurrences of small and large-scale disasters in urban areas, years of development effort and labour are continually being destroyed and eroded (Sanderson 2000) . Maskrey (UNDP-BCPR 2004) puts it best when he stated: "The trend is for the ri sk to become urban". Increasing natural disasters in urban areas are continuous ly testing our public policies and disaster response measures beyond their capacities (Mitchell 1999) . ln response to this development, it is essential to determine effective pre-disaster initiatives that can help to mitigate disaster risk. However, those involved in risk reduction and planning issues are not fully aware of the interconnection between planning and the occurrence of natural disasters (Wamsler 2004) . This results in few initiatives being developed, which would integrate both fields. According to Pelling (2003) , urbani sation affects disasters just as profoundly as di sasters can affect urbanisation. In addition, rapid urbanisation is a factor that cal ls for construction of mega structures, and the main reason for human loss and property damage is lack of due considerations on the importa nce of adeq uate preparation for possible hazards. In many developed countries, however, improvements in methods for risk reduction, together with good planning, have greatly reduced the vulnerabi lity and risk of the population (Velasquez et al. 1999) . The city of Tokyo, for example, promotes 'disaster-proof urban planning' and prescribes regulations on the implementation of 'area vulnerability assessments' (Velasquez et al. 1999 ). An example from the developing world is C uba, where national land-use planning and manageme nt are integrated into risk reduction considerations (UN -ISDR 2002) .
million
Planning process rarely includes measures needed in reduc ing hazards, and consequently, natural disasters would result in severe economic and human suffering. Right from inception, planners and decision makers should evaluate natural haza rds as they do in preparing investment projects and promote ways of avoiding or mitigating damage caused by natural catastrophic eve nts. Adequate planning can minimize damage from natural catastrophic events. Integrating natural hazards management into development planning can pick up the planning process in the area and thus reduce the impact of natural hazards (OAS/DRDE 199 1 ).
Site selection is the most important stage in planning a settlement or constructing a building in an earthquake-prone area. Evaluation of the degree PLANNI N G MALAYSIA Geospatial Analysis in Urban Planning of earthquake hazard should always be part and parcel of the general site evaluation and of the design requirement of any structure to be erected on such s ites. A perfect s ite is almost none existence, thus the likely risk of earthquake hazards on a site and the costs of designing to minimize adverse effects from it should be considered. Unsafe sites should be avoided, because the mitigation costs are likely to be exorbitant.
Mapping of earthquake hazards at the regional or urban level makes it feas ible in the selection of relatively less affected sites for the distribution of suitable land uses . Patterns of urban development can be oriented toward these relatively less affected regions to reduce likely earthquake damages. For this, seismic microzonation is a fundamenta l tool for structural designers and builders as it enables them to expect predicaments related to amplification of ground shaking, liquefaction and landslide susceptibilities (Ansal et al. 2009 ). The design loading and other inputs for the structural design of buildings should be provided as part of the information derived from the site assessment. Mostly this process is very much facilitated through the use of zoning map and other additional procedures addressed by pre-determined code of practice. In a situation where such code is not available, a more meticulous analysis is needed (Coburn and Spence 2002) .
Seismic waves generated at the earthquake source propagate through different geological formations until they reach the surface at a specific site. The travel paths of these seismic waves in the uppermost geological layers strongly affect their characteristics, producing different effects on the earthquake motion at the ground surface (Figure 2 ). In general, thicker layer of soft, unconsolidated deposits tend to amplify selectively different wave frequencies. On the other hand, the local topography can also modify the characteristics of the incoming waves, leading to the so called topographic effects. Soil and topograph ic effects are considered under the general denomination of local site effects. Beyond these effects and under certain circumstances, induced effects may occur for large amplitude incoming waves, among which are slope instabilities (landslides) in mountainous area and liquefaction in recently deposited sands and silts area ( Figure 2 ). Within a more generalized scope, active faulting should also be considered. In additi on, permanent differential displacements and near fau lt effects are other important issues to be recognized. Earthquake induced tsunami is also considered in the coastal area, especia lly the site near to the fault rupture in sea bed ( Figure 3 ). In many past and recent earthquakes, it has been observed that the local site conditions, i.e. soil and topographic effects, as well as induced effects, have a great inOuence on the damage distri bution. It is therefore, very importa nt to take into account and predict these possible local site effects when assessing the earthquake hazard at regional and local scale.
Seismic Microzonation
Seismic microzonation can be defined as the subdivision of a region that has relatively similar exposure to various earthquake-related activities or the identifi cati on of individual areas with varying potentials for earthquake effects. The underlying concept arises from the fact that the effects of surface geology on seismic motion could be considerab ly large. Several studies on devastating
PLANNING MALAYSIA Geospatial Analysis in Urban Plan11i11g
earthquakes have demonstrated a large concentration of damage in specific areas due to site-dependent factors related to surface geologic conditions and local soils altering seismic motions (Nath et al. 2008 ).
Various approaches are currently being applied for microzonation studies. Experimental techniques, together w ith theoretical approaches involving ground motion modelling under different hypotheses have been used to classify urban areas into zones with different earthquake response characteristics. Microzonation is normally classified into three levels (TC4-ISSMGE 1999): a) First grade (Level 1) map prepared with a scale of 1: 1,000,000 -1 :50,000 showing the seismic hazards assessed based on the historical earthquakes and existi ng information of geological and geomorphological maps. b) Second grade (Level II) map prepared with a scale of I: I 00,000-1: 10,000 showing the seismic hazards assessed based on the microtremor and s implified geotechnical studies. c) Third grade (Level Ill) map prepared w ith a scale of 1 :25,000-1 :5,000
showing seismic hazards assessed based on the complete geotechnical investigations and ground response ana lysis.
The three levels are calibrated w ith respect to their specific use and relevant objectives. For vast area land planning the first level is sufficient, while level 2 or level 3 are usually needed for accurate urban and emergency planning and for structural design (Dolce 2002) . The key issue affecting the applicabi lity and the feasibility of any microzonation study is the usability and reliability of the parameters selected for microzonation. The locations of concern, for which the preparation of seismic microzonation is most needed, is the urban or upcoming urban area that fa lls under the high seismic hazard zone; and locations with moderate (or low) hazard but with potential amplification due the local geological conditions. The pattern of damage due to an ea1 thquake depends largely o n the local site condition and the social infrastructures of the region, the most important condition being the intensity of ground s haking at the time of the earthquakes. Contrasting seismic response has been observed even within a short distance over small changes in the geology of the site. Moreover, designing and constructing structures on all sites to withstand conceivable future earthquake is economically not viab le. As such, in terms of land-use management or city/urban and regional p lanning, seismic microzonation map can be regarded as an appropriate tool to minimize the impact of earthquakes. It includes the city of Banda Aceh (Banda Aceh Municipality) w hich is an area of 60 km 2 and I I 00 km 2 or half of the area of G reat Aceh Regency (Figure 4 ). Banda Aceh is the provincial capital and the largest city in the province of Aceh, located on the northern most tip of Sumatra Island, Indonesia. It is the most populous city in the region with the highest concentration of human activities and manmade structures, particularly along the eastern coastlines of the city. It serves as the principal administrative, commercia l, educational and cu ltura l centre of Aceh Province. Banda Aceh is located on latitude between 95° 16' 15" -95° 22' 15" East and longitude between 05° 16' 15" -05° 36' 16" North. 
Topographical and Geological Settings
Banda Aceh is located on the deltaic plain of Aceh River (Krueng Aceh). The city stands astride the broad valley of Aceh Ri ver w hich flows between the low Tertiary and Quaternary vo lcanic hills to the east and Cretaceous limestone hills to the west ( Figure 5 ). The valley itself is filled with relatively recent alluvial and marine sediments to depths in excess of 179 metres (Cutshaw et al. 1979) . T hese were deposited in a graven structure formed between the main Sumatran
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Fault System. The valley is relatively low lying ground with little relief in the lower part of the valley, and relatively higher relief in the upper part of the valley, much of the land is at less than 5 metres above sea level. The deltaic plain emerged mainly as a wide tidal area spreading over l -2 kilometres to the coast with elevation 0 -3 metres above the sea level. However, terraced areas on the eastern and western margins rise to over 30 metres. The deltaic lowland and beach ridges are occupied by houses while the Banda Aceh urban area is located on the deltaic plain in the central part of the coastal plain (Umitsu et al. 2006) . The oldest rocks in the Banda Aceh area are limestone, slates and phyllites outcrops on the west side of the Aceh River valley. These are of Cretaceous age and form generally steep mountains at the northern end of the Barisan mountains range that runs the length of Sumatra Island. The limestone is fairly massive but moderately weathered. The east side of the valley is flanked by extensive deposits of andesitic tufts and subsidiary flows, some probably water Jain (Cutshaw et al. 1979) . These deposits and their parent volcano, Seulawah Agam, lie on the line of the eastern Sumatran Fault, a splay off the main fau lt system.
The valley can be divided into three areas on the basis of the location and distribution of the deposits: the lower part (the coastal area), the middle part (along Aceh River) and the upper part (higher alluvial surface and terraces). The most northerl y area (coastal area) cons ists of five to s ix kilometres wide coastal strip, with a seri es of ancient sandbars, running sub-parallel to the coast. These consist mainly of brown to grey, moderately weathered, fine to medium grained, sometimes silty sands. Weathering extends to a depth of about 2 metres. The lithological composition of these sandbars is very sim il ar to that of the modern beach sands on the coast and to sand deposits in the channel of the Krueng Aceh.
Seismicity of the Region
Indonesia has been well known as one of the most seismicall y active countries in the world. This is due to its location as it is surrounded by four major active tectonic plates of the earth: Euro-Asian (Eurasian), Indian-Australian, Pacific and Philippine plates. The location of Banda Aceh near to one of the most seismi ca ll y active plate, the subduction zone of India-Austra lian Plate (Sumatran Subduction Zone) (Zachariasen et al. 1999) , and very close to the segments of Sumatran Transform Fault (Aceh and Seulimeum segment), makes it vulnerable to earthquake hazards. The study of probabilistic seismic and tsunami ha zard analysis of Banda Aceh by Sengara et al. (2008) , based on instrumental a nd historical data a nd potential magnitude estimated from geometry and s lip rate of the plates or faults, assigned the Moment Magnitude (Mw) of earthquake in subduction zone that could trigger tsunami at Mw 9.3 in 520 years return period, Mw 8.5 in 250 years return period, Mw 8.0 in 120 years return period and 7.5 in 50 years return period.
The Sumatra subduction zone is a very active feature that has ruptured 237 times with magnitude greater than or equal to Mw 5 with in the past 36 years (Petersen et al. 2004) . Four past major earthquakes that were recorded were two in the 1800s i.e. Mw of8.75 in 1833 and Mw of8.4 in 186 1; and another two in recent years i.e. Mw o f 9.3 Aceh earthquake in Dec 2004 and Mw of 8.7 Nias earthquake in March 2005. The locations of these four earthquakes including the rupture zones are shown in Figure 6 . The low-lying city of Banda Aceh was one of the worst affected regions and experienced massive casualties and destruction of properties, as it was close (ea. 150 km) to the source of the earthquake. T he tsunami flow extended inland towards the central and western parts of the Banda Aceh plains for approximately 4 km and about 3 km towards the eastern part (Figure 7) . The tsunami reached a height of 9 meters on the ground near the port of Banda Aceh and about 6-8 meters in the eastern part of the plain. The loss of human life recorded was the hi ghest at about two-thirds of the total of 300,000 casualties (Mci lianda et al. 20 10). A probabilistic seismic hazard a nalysis of the Sumatran subduction zo ne carried o ut by Sun a nd Pan ( 1995) indicated that the recurrence interval of an earthquake with Mw 8.5 or larger that can generate a tsu nami wo uld be about 340 years, wh ich corresponded to a 14% probability of incidence within 50 years. Because of the large population that inhabits this regio n, it is prude nt to suggest for seis mic hazard analyses be conducted to assist in the development planning fo r the a rea.
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IMPLEMENTATION OF G IS FOR SEISMIC MICROZONATION
The applicati on of technology required to control the effects of natural hazards comprises three significant elements; prediction , monitoring and safeguarding (Alexander 1995; T urk et al. 20 11 ) . In recent years, different technologies have been developed show ing possibilities fo r a w ide range of disaster management and hazard mitigation (Yilmaz 2009) . T his paper foc uses on the application of G IS on developing seismic microzonation for s ite selection for the purpose of urban plann ing and management. Microzonation studies is tedious lo perform by means of c lassical me thods as it in volves voluminous data; the reason why a G IS is needed in order to do it accurately and quickly (Kolat et a l. 2006; Kienzle et al. 2006; Nath 2005 ; Papadimitriu et al. 2008; Turk 2009) 
. GIS has
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emerged to be a powerful computer-based technique that integrates spatial analysis, database management, and geographical visualization capabi lities. This technology has been widely used in producing increasing numbers of seismic zone maps for the prediction of earthquake-induced hazards (Kolat et al. 2006; Sun et al. 2008; Grasso and Maugeri 2009) . Guidelines for seismic microzoning developed in countries such as France (AFPS 1995) , Japan (TC4-ISSMGE 1999) and the Republic of Turkey (DRM/GDDA 2004) show how GIS has been employed to establish GIS database as well as generating seismic microzonation maps. The microzonation maps consist of surface faulting map, ground shaking map, liquefaction susceptibility map, landslide and rock fall hazard map, and earthquake-related flooding hazard map. In Turkey, a seismic microzonation level 3 map, is obtained by investigating a point in a grid format of the study area and imported into GIS software, using gee-statistical interpolation technique (DRM/GDDA 2004) . In India, in the absence of guidelines, researchers make assessment based on the theory of seismic microzonation, data availability and relevant objectives of the map.
Another method adopted to produce a seismic m icrozonation map is by using the technique of weighted overlay. This method assigns weightage to parameters such as seismic data (shear wave velocity, predominant period/frequency, peak ground acceleration/velocity) and site characteristics data (bedrock, soi l layer (stratification) and type (classification), groundwater depth and topography). This method is usually used for urban and regional planning (OAS/DRDE 1991) and broadly used in India (Mohanty et al. 2007; Nath et al. 2008; Anbazhagan et al. 2008; Walling and Mohanty 2009 ). To conclude, many approaches have been employed in producing se1sm1c microzonation maps subject to needs and available guidelines.
DATA AND METHODOLOGY
For the study on Banda Aceh, the seismic rnicrozonation map which has been developed on a scale of 1 :225,000 using ArcGIS ver. 9 .3 can be classified as seismic microzonation level 1 (TC4-ISSMGE 1999) which is suitable for vast area planning (Dolce 2002) . The seismic microzonation map is based on the analysis of hi storical seismological records and existing geological, geotechnical and gee-morphological data. The main data for the map was obtained from the Aceh Province's Energy and Mineral Resources Department and the Development Planning Agency. They carried out seismological, geological and geotechnical studies for the region and these complemented by seismic data from the U.S. Geological Surveys. The data was categorized into two main themes; seismological data, which include peak ground acceleration (PGA), faults, and tsunam i inundation maps; and the site characteristics data, which include geology (so il and rock formation) , lithology (soil type and classification), hydrology (groundwater quantity and distributi on) and topography (contour map). The expected PGA value in the region varies from 0.05 g to 0.15 g. The highest value is on the alluvial sediments especially on the coastal region in the northern part of the area which is mainly thick clay deposits. The PGA va lues decrease towards the eastern part which is andesitic deposits, the western part whi ch is limestone deposits, and the southern part which is relati vely shallow bedrock. The fault map identifies two segments of the Sumatran transform fau lts (Aceh and Seulimum segments) located very closed to the city whi ch implies hard shaking and surface faulting potential along the faults. The tsunami inundation map was made based on the historic tsunami occurrence and have been studied previously (JICA 2005; Borrero 2005; Umitsu et al. 2007; Takahashi et al. 2008; Lavigne et al. 2009 ).
The seismic microzonation map is developed by first identi fying the hazards caused affected by an earthquake in the area wh ich area ground shaking, liquefaction, landslide, surface fa ulting and tsunamis. The parameters or cri teria and sub criteria for each type and sub criteria for each type of hazard are consequently determined. The parameters and their values can be seen in Figure 8 . Ground shaking hazard map, liquefaction hazard map and landslide hazard map are created by using weighted overlays of parameters that influence the level of hazards. This process employed Saaty's ( 1980) Analytical Hierarchal Process (AHP). The AHP uses hierarchical structures to represent a problem, and there after develops priori ties for the alternatives based on the consensus judgment. The technique uti lizes organized pri ority in terms of weights assigned to each criteria or themes, which could be easily incorporated to the thematic layers on a GIS platform. The weighting activities in mu lticriteria decision-making are effectively dealt with hi erarchical structuring and pair-wise comparisons wherein the j udgment between two pa1ticular elements is formu lated rather than prioriti ze an entire list of elements. The process involves construction of a matrix of pair-wise comparisons between the factors of adopted parameters dep icting relative importance based on the assigned weightage.
The highest weight is given to the PGA (0.4) as it is directly related to the ground moti on and contributes more to the seismic hazard, fo ll owed by soil class (0.3), geology (0.2) and groundwater (0. 1) (Nath 2004) . Rank value is then determined for each sub-criterion. For example in soil -class, unconsolidated soil (soft soil) has worse impact than dense soil or rock. The weight and ra nk value are used as input in weighted overlay analysis (Malczewski 1999) to generate the ground shaking hazard map. The surface fau lting hazard map is created by PLANNING MA LAYSIA Geospatial Analysis in Urban Planning calculating the distance from the faults and reclassifying the distance into different hazard levels whi le the tsunami hazard map is gene rated by reclassifying the historic tsunami inundation map. Table I shows the total areas in term of hazard level generated by various thematic maps. In general, relatively large proportion of areas, i.e. approx imately 70% and more are classified as low hazard zone. T he area around the c ity centre, which is located on recent a lluvial plain and amounts to about 5% of the whole area, has been identified as a high hazard zone and will be most affected by ground shaking. Whi le the valley along the river, which is on predominantly o ld alluvial plain is categorised as medium hazard zone and the hilly and mountain area, suggesting a dense soi l or rock, is categorised as a low hazard zone. The liquefaction map on the other hand shows only 2% high hazard zone, wh ich is the beach area that is located on silty sand w ith high groundwater depth; w hile the areas L ocated on s ilt, mixture o f silt and clay w ith hi gh groundwater depth are categorised as medium hazard zone, and areas located on clay, c layey sand and rock as low hazard zone. The high hazard zone in terms of landslides effect is an area that lies on massive limestone with slope > 50 degrees; wh il e the medium hazard zone is also located on massive limestone a nd andcsitic tuffs but w ith slope of between 25-50 degrees, a nd the low hazard zone is located o n a n o lder and recent alluvial plain. The surface fa ulting susceptibility map is created by buffering and c lassifying the area into two hazard zones categories); low hazard (areas >2000 meters from faults), and high hazard (areas <2000 meters around the faults). The map shows 17.5% of the area as high hazard and the other 82.5% as low hazard. The tsunami hazard map is developed based on the tsunami that occurred on 26
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The tsunami hazard map was classified into three zones: low, medium, and high hazard zones. The resulting map shows 5.53% of the area as high hazard zone or areas having tsunami inundation of more than 3 meters thus experiencing total building damage, 6.77% as medium hazard zone or areas inundated in 0 -2 meters and having sl ight buildings damage w hile the remaining area is identified as low hazard area. The high hazard zone is located within 0 -2.5 km inland from the coastline; while medium hazard zone is located within 1 -5 km. 
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The final seismic microzonation map is the composite of all the thematic maps i.e. ground shaking hazard map (Figure 17) , liquefaction hazard map, landslide hazard map (Figure 18 ), surface fau lting hazard map (Figure 19) , and tsunami hazard map (Figure 20) . The final map (Figure 21 ) identifies areas with varying hazards levels essential for land use management and city planning in order to mitigate the impact of the earthquakes. The final map shows 28.67% or 33,897.00 hectares of Banda Aceh as high hazard zone, 38.00% or 44,935 .29 hectares as medium hazard and 33.33% or 39,416.28 hectares are identified as low hazard. The knowledge about possible disasters and the varying levels of hazards that might be affecting a region is invaluable for urban planners in directing future urban development to relatively safer areas thus avoiding insurmountable damages and casualties. Recent earthquakes have had huge impacts especially to developing countries and most of the blame has been placed on poor planning and cons truction practices. In disaster susceptible regions the ability to identify and avoid highly hazardous areas is pertinent to minimize casualties and damages. By using GIS, it is possible to produce a seismic microzonation map that analyses seismi c risks (hazards) and thus provides assistance to urban planning. In the case study for Banda Aceh, a first level seismic microzonation map has been developed based on weighted parameters of seismological, geo logy and topographical features.
With the microzonatio n map it is hoped that future developme nt will be able to avoid highly hazardous areas of related hazards and facilitating safer building codes and urban planning practices. It is a tool city planne rs a nd policy makers can use to assist in their planning dec ision or in taking precautionary measures pri or to the construction of structures.
